Forty-three bovine isolates of Escherichia coli producing a second type of cytotoxic necrotizing factor (CNF2) and three K-12 strains carrying different Vir plasmids coding for CNF2 were tested for the presence of several virulence factors. Most of the strains were serum resistant (79%), produced an aerobactin (70%), and adhered to calf villi (53%); some of them produced a colicin (32%) and a hemolysin (9%). These strains were also tested by a colony hybridization assay with gene probes for six toxins (classical heat-stable [STaP and STb] and heat-labile [LT-I and LT-IIa] enterotoxins and Shiga-like toxins [SLT-I and SLT-II]) and five adhesion factors (K99, K88, 987P, F17, and F41). Only two gene probes, LT-lIa (9%) and F17A (53%), hybridized with the CNF2 strains. However, antibodies raised against F17 fimbriae did not agglutinate the strains hybridizing with the F17A probe. In contrast, all except one of these strains adhered to calf villi. Interestingly, these two properties, F17A positivity and adherence to calf villi, were the only ones expressed by the K-12 strains carrying different Vir plasmids. In conclusion, this study confirmed that CNF2-producing strains are unrelated to previously described toxigenic E. coli strains and also demonstrated that in half of the strains the production of CNF2 was associated with an adhesion factor genetically related to, but different from, F17, which is more than likely encoded by Vir plasmids.
We have recently described the production of a second type of cytotoxic necrotizing factor (CNF2) by clinical isolates of Escherichia coli (12). Like CNF1, CNF2 causes cell multinucleation in tissue cultures and induces necrosis in the skin of rabbits (5, 11) . However, in contrast to CNF1, CNF2 induces necrosis in the mouse footpad and moderate fluid accumulation in the rabbit intestinal loop (11, 13) . CNF2 is produced by isolates from diarrheic calves (4, 12) and by septicemic E. coli strains of the Vir group (30) . The Vir strains of E. coli are characterized by the association of the production of a toxin lethal for chickens and mice (as yet unidentified, but named Vir toxin) with a specific surface antigen(s) (Vir antigen[s]) (22, 38) . Both factors are encoded by transmissible plasmids termed Vir (23, 38) . Since Vir+ transconjugants also produce CNF2 (29, 30) and since the lesions observed in chickens after inoculation with CNF2 were identical to those associated with the Vir toxin (12), this toxin is more than likely CNF2. However, in more recently described isolates of E. coli from calf diarrhea, CNF2 production was not constantly associated with the possession of the Vir surface antigen (30) , in contrast to the constant association of the Vir toxin with this antigen in previously described Vir strains of E. coli (22, 38) .
In this study, the characterization of CNF2-producing strains was carried out with two main goals. The first was to estimate the association of CNF2 with other virulence factors, and the second was to determine whether the CNF2-producing strains constitute a homogeneous group of E. coli strains with a specific pathotype. Thus, we investigated the incidence of several virulence factors associated with intestinal or extraintestinal infections in 43 bovine isolates producing CNF2 and in three K-12 strains carrying different Vir plasmids. All of these strains were tested for the production of colicin, hemolysin, and aerobactin, resistance to sera, adhesion to calf villi, and expression of F17, F111, and Vir surface antigens (the last of which mediates adhesion to calf villi) and were examined by a colony hybridization assay with gene probes for six toxins and five adhesion factors: classical heat-stable (STaP and STb) and heat-labile (LT-I and LT-IIa enterotoxins, Shiga-like toxins (SLT-I and SLT-II), and F4 (K88), F5 (K99), F6 (987P), F17, and F41 adhesin subunits.
MATERIALS AND METHODS
E. coli strains. Most CNF2-producing strains were isolated from the feces of calves with diarrhea (36 strains). Seven strains came from extraintestinal sites, i.e., blood or fetus. In addition to these E. coli field isolates, three Vir transconjugant K-12 strains producing CNF2 were also included in this study: 711(pVir), obtained from H. W. Smith (Houghton Poultry Research Station, Huntingdon, England), and 712(pJL1) and 712(pJL2), obtained from J. Lopez-Alvarez (Department of Veterinary Microbiology and Immunology, University of Guelph, Guelph, Ontario, Canada). The three Vir donor strains were ovine septicemic strain S5 (38) and bovine septicemic strains JL21 and B177 (23) ; the K-12 recipient strains were 711 (38) and 712 (23) .
Cell culture assays. The different E. coli isolates were inoculated into 100-ml flasks containing 10 ml of Trypticase soy broth (Biomérieux, Charbonnières-les-Bains, France). Cultures were incubated at 37°C for 24 h with shaking (160 rpm) and then centrifuged at 10,000 x g for 20 min. The resulting pellet was resuspended in 1 ml of phosphatebuffered saline (pH 7.2) (PBS) containing gentamicin (100 ,ug/ml). Extracts were produced from bacterial suspensions by subjecting the latter to two freeze-thaw cycles from 37 to -20°C. After the second freeze-thaw cycle, the lysates were centrifuged (10,000 x g, 15 min) and the supernatant was tested in the HeLa and Vero cell culture assays previously described (12 (33) . In brief, broth cultures of each of the strains heated for 1 h at 100°C were used as antigens. A portion of antiserum was added to a suspension of the antigen. The mixture was examined after 2 h for agglutination. The three strains belonging to O serogroups 76, 88, and 168 were previously serotyped by F. 0rskov and I. 0rskov (Statens Seruminstitut, Copenhagen, Denmark).
Hybridization and derivation of DNA probes. DNA colony hybridizations were performed as previously described (25) . In brief, the colonies were transferred to paper filters (Whatman 541; Whatman Inc., Pleuger, Belgium) treated to lyse the cells and denature the DNA and were hybridized overnight with DNA probes at 65°C. After being washed, the filters were autoradiographed for 1 to 4 days. The 11 probes were derived from multicopy recombinant plasmids carrying toxin-or adhesion factor-encoding genes ( Table 1) . The STaP and LT-I probes were from N. Harford (Smith-kline-RIT, Rixensart, Belgium), the LT-IIa probe was from R. K. Holmes (Uniformed Services University of Health Science, Bethesda, Md.), the SLT-I and SLT-II probes were from J. W. Newland (Walter Reed Army Institute of Research, Washington, D.C.), the STh and K99 probes were from H. W. Moon (National Animal Disease Center, Agricultural Research Service, U.S. Department of Agriculture, Ames, Iowa), the K88 and F41 probes were from S. L. Moseley (University of Washington, Seattle), the 987P probe was from F. K. de Graaf (Vrije Universiteit, Amsterdam, The Netherlands), and the F17A probe was subcloned from the F17 genes which were cloned at the Institut National de Recherches Vétérinaires. All probes were linear DNA fragments isolated by gel electrophoresis and electroelution (35) and were radiolabeled with [a-32P]deoxynucleotide triphosphates by use of a multiprimer DNA labeling kit (Boehringer, Brussels, Belgium).
In vitro adhesion assay. Intestinal villi were prepared by the method of Girardeau (16) with some minor modifications described previously (20) . Approximately 50 calf intestinal villi (from the duodenum, jejunum, and ileum) were mixed in PBS with about 109 E. coli cells from a culture grown at 37°C on Luria-Bertani (LB) agar plates. a-Methyl-D-mannoside (0.1 mM) was added in each experiment to avoid adherence mediated by Fl fimbriae. The mixture was allowed to incubate in plastic cups at room temperature for 15 min with gentle agitation (30 rpm, Gerhardt Ro 10 apparatus). Adhesion was monitored with a phase-contrast microscope at a magnification of x600.
Phenotypic detection of F17 and F111 fimbriae. The strains were cultivated at 37°C for 18 h on Minca agar plates (17) . The presence of F17 fimbriae was determined by agglutination with a rabbit antiserum prepared against the purified pilin of the F17 fimbriae from strain 25KH9 (20) . The presence of F111 fimbriae, variants of F17 fimbriae (the F17A probe cross-hybridizes with F111 genes), was determined by agglutination with a rabbit antiserum prepared against the purified pilin of the F111 fimbriae from strain 111KH86 (2) .
Vir surface antigen detection. The strains were cultivated at 37°C for 18 h on Trypticase soy agar plates (22) . Slide agglutinations were performed with a rabbit antiserum raised against the cells of a Vir+ transconjugant expressing the Vir surface antigen and preadsorbed with the nonfimbriated K-12 recipient strain (27 (36) , except that the strains were grown in a synthetic iron-depleted broth (40) . Strains that secreted aerobactin were identified by a halo of growth around strain W0987 (Iut+ Iuc-) in Chelex agar.
Serum resistance assay. The ability of strains to multiply in the presence of sheep serum was determined by use of the VOL. 29, 1991 spot assay of Fierer et al. (14) . A log-phase culture diluted 1:500 was applied to Trypticase soy agar plates. Fresh sheep serum was dropped on the plates. Inhibition was examined after overnight incubation at 37°C.
Hemolysin assay. For the detection of hemolysis, bacteria were grown on tryptose blood agar base (Difco) with 5% defibrinated washed sheep blood in PBS. Hemolysis was defined as a distinct zone of clearing around and under isolated bacterial colonies after overnight culturing. For the quantitative determination of the hemolytic titer, E. coli strains were grown in brain heart infusion at 37°C with aeration (8) . After 3 and 6 h, the supernatant was collected by centrifugation (6,000 x g, 30 min) and filtered on 0.22-,um-pore-size filters, and serial twofold dilutions (100 ,ul) were made in PBS and placed in the wells of a 96-well microdilution tray. A 5% sheep erythrocyte suspension in PBS (50 pi) was added to each well, and the tray was incubated for 24 h at 37°C. The hemolytic titer was defined as the highest dilution in which the supernatant was visibly red because of hemoglobin release. E. coli WAF270 carrying plasmid pSF4000 encoding alpha-hemolysin was used as the positive control (41) .
RESULTS
The 43 bovine isolates and the three Vir+ transconjugants produced the specific CNF2 effect of multinucleation in a cell culture assay, whereas the K-12 recipient strains were not cytotoxic. Twenty-nine strains were typeable and belonged to 10 different O serogroups ( Table 2 ). The three main O serogroups were 78 (eight strains), 123 (four strains), and 4 (four strains). All strains were examined for resistance to serum, for production of aerobactin, colicin, and hemolysin, and for adherence to calf villi and then tested by a colony hybridization assay with gene probes for the six toxins and the five adhesion factors. The characterization of these strains is summarized in Tables 2 and 3. Thirty-four strains (79%) were resistant to serum, 30 (70%) produced aerobactin, 14 (32%) produced a colicin, 4 (9%) produced a hemolysin, and 23 (53%) adhered to calf villi. Of note, the four hemolytic strains released the hemolysin into the liquid medium. The hemolytic activity of these strains was two to four time weaker than that of the control strain, WAF270, which produces alpha-hemolysin. No virulence property other than adherence to calf villi was expressed by the Vir+ transconjugants.
In the colony hybridization assay, only two gene probes, the LT-IIa probe and the F17A probe, reacted with CNF2-producing strains. The LT-IIa probe hybridized with four strains (9%) but did not react with the Vir+ transconjugants. In contrast, the F17A probe hybridized with 23 strains (53%) and, interestingly, with all Vir+ transconjugants carrying the Vir plasmids. Furthermore, the F17A probe-positive strains were significantly more adherent to calf villi than were the F17A probe-negative strains. Indeed, almost all F17A probepositive strains (except one) tested positive in the adherence assay. In contrast, only one F17A probe-negative strain tested positive (Tables 2 and 3) .
These results indicated that the DNA sequence recognized by the F17A probe and the sequence present on the Vir plasmids were strongly associated with the ability of the strains to adhere in vitro to calf villi. To further substantiate the possible association of F17 fimbriae with CNF2-producing strains, we tested all strains by agglutination with antisera raised against the purified pilins of F17 (39) . Moreover, the Vir strains of E. coli and the Vir plasmids were classically associated with E. coli strain from animals with septicemia (22, 38) . Taken together, these results suggest that CNF2-producing strains could also act as opportunistic extraintestinal pathogens, like some CNF1-producing strains isolated from diarrhea in Italy (3) .
Besides the ability to cause septicemia, we also observed among the CNF2-producing strains four strains with typical enterotoxigenic E. coli-like characteristics. These strains hybridized with both the F17A gene probe and the LT-lIa gene probe and adhered to isolated intestinal villi. This putative new class of enterotoxigenic E. coli was previously found in Belgium in calves with systemic or enteritic colibacillosis (32) . However, the production of LT-IIa by these four strains was not investigated in the rabbit intestinal loop assay. It should be noted that four other CNF2-producing strains, S5, B9S2, LM1-6, and BM2-10, were previously shown to cause fluid accumulation in the rabbit intestinal loop (11) . Interestingly, these strains did not hybridize with gene probes for STaP, STb, LT-I, and LT-IIa. This observation supports the hypothesis that the enterotoxigenic effect of crude lysates from CNF2-producing strains was due to CNF2 itself. F17 fimbriae, also called Att25 (Belgium) or F(Y) (France), were previously associated with both neonatal calf diarrhea and septicemia (7, 33, 34, 37) . In this study, 53% of CNF2-producing strains hybridized with the F17A probe, a HindIII-BamHI DNA fragment of 1.2 kb including the sequence coding for the pilin of F17 fimbriae (21) . Interestingly, hybridization with F17A was correlated with the ability of CNF2-producing strains to adhere to calf villi. However, CNF2-producing strains were not agglutinated with antisera raised against F17 fimbriae or F111 fimbriae, variants of F17 which cross-hybridize with the F17A probe (2) . Therefore, CNF2-producing strains did not express the classical F17 or F111 adhesion factor but most probably expressed an F17-like adhesion factor which also mediated the adhesion of E. coli to calf villi. This F17-like adhesion J. CLIN. MICROBIOL. GB207  GB208  GB229  B9S2  GB236  GB211  GB227  GB206  GB230  236KH88  33KH89  B24c  224KH88  MV358-2  GB213  B26a  89-201-2/3  GB221  GB209  GB219  GB220  GB242  B4A1   LM1-6  88-388-2  GB232  GB238  GB210  GB244   E  E  E  E  E  I   I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  E  I  I  I  I  I  I  I  I  I  I  E  I  I  I  I  I  I   78  78  78  78  78  NT  88 F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A  F17A factor seemed to be closely associated with CNF2-producing strains. To date, none of the CNF1-producing strains tested by colony hybridization reacted with the F17A probe (unpublished data).
Since the Vir adhesion factor is encoded by the Vir plasmid (27) and since 12 (44%) of the F17A probe-positive strains, including all Vir+ transconjugants, possessed the Vir surface antigen, as shown by slide agglutination, we suggest that the Vir adhesion factor could be the F17 variant detected by the F17A probe. In addition to the hybridization of Vir plasmids with the F17A probe, further features support this hypothesis. Pilins with the same molecular mass of 20 kDa are associated with both Vir and F17 (6, 20, 37) . Moreover, the adhesion of the Vir adhesion and F17 fimbriae seems to be directed to closely related or identical intestinal receptors, since the adhesion of Vir+ E. coli to calf brush borders was inhibited by N-acetylglucosamine (27) , as was that of E. coli with F17 fimbriae (2, 20) . On other hand, the fact that 15 F17A probe-positive strains were not agglutinated by the Vir antiserum could be explained by at least two hypotheses. First, there may be a lack of expression of the Vir antigen in these strains when grown on Trypticase soy agar. This hypothesis is supported by the fact that the results of agglutination with the Vir antigen were not homogeneous; some wild-type strains of E. coli produced very fine agglutination with the Vir antiserum (Table 2) . Second, these strains may possess another antigenic variant of F17. Further studies to investigate the possibility of common surface antigens among the other CNF2-producing strains will be useful. In conclusion, CNF2-producing strains of E. coli have been associated with intestinal and extraintestinal diseases in animals, but the pathogenic mechanism and the role of CNF2 in these diseases are still unclear. However, interaction with mucosal surfaces should be a common initial step in infection. Interestingly, this study has shown that CNF2 is associated on Vir plasmids with an adhesion factor genetically related to F17. The fact that about 50% of CNF2-producing strains hybridized at high stringency with the F17A probe suggests the presence of a common plasmid in these strains. Molecular analysis of Vir plasmids is now in progress to further characterize the Vir adhesion factor and investigate the relationship between CNF2 and the Vir adhesin in the virulence of E. coli. 
